The objective of this study was to examine associations of blood pressure (BP) with ratios of overnight to 24-h urinary excretion of sodium, potassium, and water. Each of 125 men 27-64 years of age, not taking diuretics, had BP measured during the day on a Monday. Beginning Monday evening, each participant provided three carefully timed 24-h urine collections, divided into daytime and overnight (bedtime to awakening) specimens. Proportion of total 24-h excretion of sodium, potassium, and water in the overnight specimen, standardised for creatinine excretion, was determined for each 24-h period. Associations of systolic and diastolic BP (SBP/DBP) with these proportions were examined with control for age, body mass index, alcohol intake, and heart rate. Mean BP was 116/71 mm Hg; 15 men were on non-diuretic anti-hypertensive therapy. Mean 24-h urinary excretion was 168 mmol for sodium, 68 mmol for potassium, and 16 mmol for creatinine. Mean overnight
Introduction
Diurnal variations in urinary excretion of sodium, chloride, potassium and water have long been recognised, with excretion of water and electrolytes generally reaching a maximum sometime during midday and a minimum sometime during sleep. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] A reversal of the usual diurnal cycle of sodium, chloride, and water excretion (ie, higher excretion at night) has been reported for persons with a number of diseases. 10, [17] [18] [19] [20] [21] [22] Investigators have also reported a reversal or flattening of the usual cycle of sodium and chloride excretion in hypertensives. 17, [23] [24] [25] [26] [27] In a previous report, Dyer et al 26 found on average no diurnal variation in excretion of sodium and water in a group of hypertensive men and women, with more than half showing a higher rate of sodium and water excretion at night than during the day. A stronger association between blood pressure (BP) and overnight excretion of sodium, compared to daytime or 24-h excretion, has also been reported. 28 The present study was undertaken to further Correspondence: Dr Alan R Dyer, Department of Preventive Medicine, Northwestern University Medical School, 680 N. Lake Shore Dr, Suite #1102, Chicago, IL 60611, USA Received 5 August 1997; revised 19 January 1998; accepted 23 January 1998 to 24-h proportions averaged over the 3 days were 30.7% for sodium, 22.0% for potassium, 32.1% for urinary volume, and 33.2% for creatinine. Partial correlations of SBP and DBP with the 3-day averages were 0.257 (P Ͻ 0.01) and 0.210 (P Ͻ 0.05) for sodium; 0.223 (P Ͻ 0.05) and 0.222 (P Ͻ 0.05) for potassium; 0.127 and 0.091 for urinary volume; and −0.033 and 0.014 for creatinine. Correlations for sodium proportions were larger for the first 24-h period, compared to the second or third 24-h period. These results indicate that higher BP was associated with a relatively greater proportion of sodium and potassium excretion at night. Further work is needed to clarify temporal sequence, ie, whether a relatively greater sodium and potassium excretion at night is a risk factor for higher BP (eg, via renal mechanisms), or whether higher BP results in relatively greater sodium and potassium excretion at night, or both.
examine relations between BP level and diurnal variation in the excretion of sodium, potassium, and water.
Subjects and methods

Subjects
Subjects were recruited in 1988-1990 from patients of the General Internal Medicine Clinic of the Northwestern Medical Faculty Foundation, employees of the First National Bank of Chicago, and through advertisements in community newspapers and on the radio.
A total of 149 men aged 26-64 years completed a questionnaire and had BP, height and weight measured. Of these 149, 137 aged 27-64 years provided urine collections for assessment of sodium, potassium, and creatinine. Because of known effects of diuretics on sodium and water excretion, 12 men taking diuretics at the time of examination were excluded from these analyses.
Participants provided informed written consent following approval of all study procedures by the Northwestern University Institutional Review Board.
Methods
Data collection included three 24-h urine collections, divided into daytime and overnight specimens, for assessment of daytime and overnight excretion of sodium, potassium, creatinine, and water; measurement of BP, height and weight; and completion of a questionnaire dealing with alcohol intake, current treatment status and medications for high BP, use of other medications affecting BP, history of M.D.-diagnosed high BP, stroke, and myocardial infarction, family history of high BP, cigarette use, changes in dietary habits, and demographic variables. To make data collection uniform for all participants, all examinations were on Mondays, with collection of overnight urine samples on Monday, Tuesday, and Wednesday, and collection of daytime urine on Tuesday, Wednesday, and Thursday. Participants returned the Monday and Tuesday overnight collections and the Tuesday daytime collection on Wednesday morning, and the remaining three collections on Friday morning.
Blood pressure (sitting) was measured three times on the day of the first overnight urine collection with use of a random-zero sphygmomanometer (Hawksley) after the participant had emptied his bladder and sat quietly for 5 min. Systolic BP (SBP) was recorded as appearance of sound (phase I) and diastolic as disappearance (phase V). Pulse in 30 s was also measured at the time of each BP. Averages of the three pulse and BP measurements were used in analyses.
Height and weight were each measured twice with a height rule attached to a wall and a beam balance scale. Height was measured to the nearest half inch and weight to the nearest pound. The average of the two measurements was used in analyses. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared.
The questionnaire assessed daily intake of alcoholic drinks over the preceding 7 days. Each day's intake was converted into milliliters of absolute alcohol based on estimates that beer was 4.7% alcohol, table wine 11.5%, and hard liquor 43%. 29, 30 Total intake over the period was divided by 7 to obtain an average daily intake. Because the distribution of alcohol intake was skewed to the right, 1.0 was added to each person's average daily intake and the result log transformed to reduce skewness.
Participants provided three carefully timed 24-h urine collections divided into daytime and overnight periods. Special attention was paid to completeness of all specimens. Detailed instructions on methods for collection for each time period were included in each urine collection kit. Each participant was also verbally instructed until it was evident that all collection procedures were clearly understood. For the Monday night collection, the participant was told to empty his bladder completely at bedtime and to discard that specimen. For the other two overnight collections, urine voided at bedtime was included in the daytime collection. Time of bedtime voiding was entered on the urine jar label to mark the beginning of each overnight collection. All urine voided during the night and the first specimen passed on rising in the morning constituted each overnight collection. Time of first morning void was entered on the overnight collection label as well as on the next daytime collection label, since the end of the overnight collection also marked the beginning of the next daytime collection. Each daytime collection included all urine passed during the day as well as the last specimen passed before bedtime. Time of this specimen was added to the label of each daytime collection to mark its end, and to the collection label for the next overnight collection. Jars for each collection period were pre-marked with a different coloured stripe to help the participant remember which urine collection jars to use for each collection. Extra, unmarked jars were also provided in case the number given for a specific collection period was insufficient. On return of collections to the clinic on Wednesday and Friday, participants were carefully questioned on completeness of collection. Each jar label also asked the participant to indicate whether or not all urine passed during that time period was voided into the jar.
Urine aliquots for each of the six collection periods were prepared. In addition, one collection period was selected for submission of an additional aliquot, to serve as a blind duplicate for assessment of laboratory quality control. Thus, for each participant, seven aliquots were submitted to the laboratory. Aliquots were analysed at the Clinical Research Center of Northwestern University and Northwestern Memorial Hospital. Sodium and potassium were analysed by ion-selective electrode with a Nova I instrument (Newton, MA, USA). Creatinine was analysed by the Jaffe alkaline picrate method with a Gilford 203S clinical chemistry analyser (Oberlin, OH, USA).
Technical error of laboratory measurements, based on split samples, was calculated from the formula √⌺d 2 /2N, where d is the difference between a pair of measurements and N the number of split pairs. Percentage technical error (defined as 100 times technical error divided by the mean value of the split samples) was 1.3% for sodium, 2.0% for potassium, and 1.8% for creatinine.
Daytime excretion values were converted to a 16-h base by multiplying by 16 and by dividing by actual time in hours of collection. Overnight values were converted to an 8-h base in a similar fashion. The 24-h values were then obtained by summing 8-h overnight and 16-h daytime values. For each 24-h period, the ratio of the 8-h overnight to 24-h excretion was computed for each variable. Overnight to 24-h ratios were computed rather than 24-h to overnight ratios because ratios with overnight excretion in the numerator were generally less skewed than ratios with overnight excretion in the denominator. Ratios for a 24-h period were initially treated as missing if the participant indicated that either the overnight or daytime specimen was incomplete.
Further review of the data suggested that there were other collections, both overnight and daytime, in which there were potential problems with electrolyte values based on comparison of the 16-h or 8-h creatinine excretion for that collection period with the 16-h or 8-h creatinine excretion for the other two daytime or overnight collections. In this review, an overnight collection was flagged for further examination if the 8-h creatinine for that collection was less than 50%, or more than 200%, of either of the other two 8-h creatinines. Similarly, a daytime collection was flagged for review if the 16-h creatinine for that collection was less than 50%, or more than 200%, of either of the other two 16-h creatinines. Where it appeared possible to determine which of the collections flagged appeared to be in error, eg, due to potentially incorrect recording of its start or end, that collection was considered a problem collection and was initially excluded from these analyses. This approach led to exclusion for five of the 125 men of all three 24-h collections, because either the overnight or daytime collection (or both) was an incomplete or problematic collection. In addition, among the remaining 120 men, there were two men for whom two of the three 24-h collections needed to be excluded, and 22 for whom one of the collections needed to be excluded.
Because this approach to exclusion of urine collections was arbitrary and could impact study power, and 3-day averages of overnight to 24-h ratios would be based on fewer than three 24-h collections for some men, unless analyses were restricted to those 96 men with no collections excluded, we sought a way to correct all daytime and overnight collections for creatinine excretion. Correction for creatinine excretion would allow use of all collections, even those known to be incomplete, in analyses of associations of BP with overnight to 24-h ratios for sodium, potassium, and volume. We therefore defined the creatinine corrected 8-h overnight to 24-h ratio for sodium as:
where Na o and Cr o are the 8-h overnight values for sodium and creatinine, respectively, and Na d and Cr d the corresponding 16-h daytime values.
Creatinine corrected 8-h overnight to 24-h ratios for potassium and urinary volume were defined similarly.
The rationale behind this correction is that this and other studies indicate that creatinine excretion is on average constant throughout the day, 2, 7, 11, 26, 28 ie, the total amount of creatinine excreted in a 16-h daytime collection should on average be approximately twice the amount excreted in an 8-h overnight collection. Under this assumption, the creatinine term in the denominator of the second equation, ie, (2 × Cr o )/Cr d , should be close to one. Where this ratio differs from 1.0 for the daytime and overnight portions of a given 24-h collection, the difference could be due to problems in recording start or end of the overnight or daytime collection, or to incomplete collection not reported as such by the participant. Hence, correction for creatinine has the potential to adjust sodium, potassium, and volume ratios for any problems in the recording of starting or ending times. This approach also allows inclusion in analyses of collections reported by participants to be incomplete. In fact, in the present study, creatinine excretion in most self-reported incomplete collections differed less from creatinine excretion in the participant's other overnight or daytime collections than the differences used to define problem collections.
To verify that correcting for creatinine excretion was appropriate, ie, that correlations between uncorrected and corrected ratios were high and that there were no systematic differences between uncorrected and corrected ratios, we computed correlations and mean differences for the uncorrected overnight to 24-h ratios and the creatinine corrected ratios, with all problem and incomplete urine collections excluded. For sodium, the correlation was 0.942 for the average of three ratios, with a range of 0.919 to 0.945 for the three 24-h periods. For potassium, the correlation for the average was 0.904, with a range of 0.864 to 0.932, and for urinary volume, the correlation for the average was 0.949, with a range of 0.926 to 0.959. None of the mean differences for corrected and uncorrected ratios was significantly different from zero (smallest P-value 0.611), and all mean differences were 0.0022 or less. Based on these high correlations and comparable mean values, analyses involving ratios for these three variables were based on creatinine corrected ratios for all 125 men, while analyses involving creatinine ratios and descriptive statistics on 24-h, daytime, and overnight electrolyte excretion were based on 120 men, with exclusion of their data for problem and incomplete urine collections.
Analyses were also repeated with exclusion of 15 men taking non-diuretic anti-hypertensive medication. Because results of these latter analyses were similar to those including these men, only results that included them are reported here.
Statistical analyses
Pearson product moment correlation was used to examine univariate associations of ratios of overnight to 24-h excretion with BP, age, BMI, heart rate, and log alcohol intake, and partial correlation was used to adjust associations of ratios with BP for the foregoing potential confounding variables. To provide insight into the results of the correlation analyses, analysis of covariance was also used to compute mean differences in BP between the top and bottom quartile of each overnight to 24-h ratio, with and without adjustment for the potential confounding variables. All tests on correlations were two-sided, with results considered statistically significant for P р 0.05. Power was 0.80 to detect true correlations of 0.248 between ratios of overnight to 24-h excretion and BP for analyses involving 125 men. Five men for whom all three 24-h urine collections were either incomplete or problematic were excluded.
Results
Descriptive statistics
alcohol intake, and the 3-day averages of creatinine corrected ratios of 8-h overnight to 24-h excretion for sodium, potassium, and urinary volume, expressed as a percentage of total 24-h excretion. The table also gives means and standard deviations for average 24-h, 8-h overnight, and 16-h daytime excretion of sodium, potassium, urinary volume, and creatinine, and 3-day averages of uncorrected ratios for these variables, after exclusion of the five men for whom all three 24-h urine collections were either incomplete or problematic. Seventy of the 125 men had BP levels in the optimal range, as defined by JNC V criteria, 31 and 20 were hypertensive, ie, were either taking anti-hypertensive medication or had SBP у140 mm Hg or DBP у90 mm Hg.
For comparison of these results with other studies that calculated ratios of 24-h to 8-h overnight excretion, rather than ratios of 8-h overnight to 24-h excretion, the creatinine corrected ratios give harmonic means for 24-h to 8-h overnight excretion of 3.26 (1.0/0.307) for sodium, 4.55 for potassium, 3.12 for volume, and 3.01 for creatinine. 26 With respect to reproducibility of ratios over the three 24-h periods, the intra-class correlation of the three ratios was 0.518 for sodium, 0.441 for potassium, 0.340 for volume, and 0.338 for creatinine. These correlations indicate that for the ratio of 8-h overnight to 24-h excretion of sodium calculated from a single 24-h urine collection, approximately half the observed variation in the ratio is due to true between person variation and half to within-person variation. For the other variables, the correlations indicate that as much as two-thirds of the observed variation in the ratio is due to within-person variation and only one-third to true between person variation. The results for creatinine are not unexpected given the relatively smaller standard deviations of the overnight to 24-hour creatinine ratios compared to those for sodium, potassium, and volume, and the finding in this and other studies that creatinine excretion is on average constant throughout the day. 2, 7, 11, 26, 28 Correlations with possible confounding variables Systolic BP was significantly correlated with age, BMI, and heart rate and DBP with BMI and heart rate ( Table 2) . While SBP and DBP were positively correlated with log alcohol intake, these correlations did not differ significantly from zero. Three-day averages of overnight to 24-h ratios for sodium, potassium, and urinary volume were positively and significantly correlated with age and negatively and significantly correlated with log alcohol intake. Average ratios for sodium and potassium were also significantly correlated with heart rate. The average creatinine ratio was not significantly correlated with any of these variables, and no ratio was significantly correlated with BMI, although all correlations were positive.
Mean overnight to 24-h ratios were also compared for men less than 40 years of age and men aged 40+. Proportions of total 24-h excretion of sodium, potassium and volume in 8-h overnight collections were significantly greater (P Ͻ 0.01 for sodium and potassium; P Ͻ 0.05 for volume) for men 40+ compared to men Ͻ40, with proportions of 32.6% and 27.5%, respectively, for sodium, 23.2% and 20.1% for potassium, and 33.7% and 29.6% for urinary volume. Mean proportions for creatinine did not differ significantly by age, being 33.0% for men aged 40+ and 33.5% for men Ͻ40. Table 3 gives correlations and partial correlations of BP with 8-h overnight to 24-h ratios for sodium and potassium, together with the unadjusted and adjusted mean differences in BP between the top and bottom quartiles of each ratio. For sodium, correlations with BP were largest for ratios from the first 24-h period, and correlations decreased progressively from the first to third collection period. The average ratio and the ratio for the first 24-h period were significantly correlated with SBP and DBP with and without adjustment for other variables. While the ratio for the second 24-h period was significantly correlated with BP without adjustment for other variables, the ratio for the third period was not significantly correlated with BP in any analysis. a Correlations for systolic and diastolic BP are for 125 men. Ratios for sodium, potassium, and urinary volume are creatinine corrected ratios; correlations are for 125 men. The ratio for creatinine excludes problem and incomplete urine collections; correlations are for 120 men. *P р 0.05, **P р 0.01, ***P р 0.001. a Adjusted for age, BMI, heart rate, and log alcohol intake. *P р 0.05, **P р 0.01, ***P р 0.001.
Relation of urinary ratios to blood pressure
Unadjusted mean BP differences between the top and bottom quartiles of the average ratio were 11.1 mm Hg for SBP and 5.7 mm Hg for DBP; adjusted mean differences were 8.7 and 4.3 mm Hg, respectively. Mean BP differences between top and bottom quartiles of sodium ratios also decreased from the first to third collection period. The average ratio for potassium was also significantly correlated with SBP and DBP with and without adjustment for other variables. While the ratio for the first 24-h period was significantly correlated with SBP and DBP, the second ratio was not significantly correlated with DBP, and the third ratio was not significantly related to SBP or DBP. Unadjusted mean BP differences between top and bottom quartiles of the average ratio were 9.2 mm Hg for SBP and 5.8 mm Hg for DBP; adjusted mean differences were 9.2 and 6.1 mm Hg. Adjusted mean differences in BP between top and bottom quartiles of potassium ratios also tended to decline from the first to third 24-h collection period. Table 4 presents results for associations of BP with overnight to 24-h ratios for urinary volume and creatinine. For urinary volume, the average ratio was not significantly correlated with BP. However, the first ratio was significantly correlated with SBP with and without adjustment for other variables, but not DBP. Correlations with BP for the second and third ratios were smaller than those for the first ratio. Mean BP differences between top and bottom quartiles of ratios for urinary volume were substantially smaller than those for sodium and potassium.
No overnight to 24-h ratio for creatinine was significantly correlated with BP; correlations generally did not exceed 0.10 in absolute value. Differences in mean BP between top and bottom quartiles of creatinine ratios were also generally small.
Analyses were also done to assess whether overnight to 24-h ratios for 15 men on anti-hypertensive medication reflected their hypertensive status or their current BP level ( Table 5 ). The data include unadjusted and adjusted means of average overnight 368 Adjusted for age, BMI, heart rate, and log alcohol intake. *P р 0.05, **P р 0.01, ***P р 0.001. Adjusted for age, BMI, heart rate, and log alcohol intake, in addition to systolic and diastolic BP.
to 24-h ratios for each variable for these men and the 110 other men. Means are adjusted first for SBP and DBP, and then also for age, BMI, heart rate, and log alcohol intake, in addition to BP. With no adjustment, men on anti-hypertensive medication had slightly higher ratios for sodium, potassium, and urinary volume. Mean BPs for men on anti-hypertensive therapy were 122 mm Hg for SBP and 77 mm Hg for DBP compared to 115 and 70 mm Hg, respectively, for men not on medication. With adjustment for these BP differences, mean ratios for sodium and potassium were virtually identical for the two groups, and the difference in the volume ratio was reduced. With additional adjustment for the other variables, means for sodium, potassium, and volume ratios became slightly smaller for men on treatment than for men not on treatment. None of these mean differences in ratios between the two groups was statistically significant.
Discussion
For decades excess sodium intake has been implicated in the etiopathogenesis of high BP. [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] Data from epidemiological, clinical, and animal experimental studies all indicate a direct causal association between excess salt intake and hypertension. Several investigators suggest that hypertension is the result of an inability of the kidney to excrete salt and water normally.
35,40,47-52 These investigators hypothesise that development of chronic BP elevation results from need of the kidneys to increase urine volume and sodium excretion-in the presence of habitual sodium intake several-fold above physiologic requirement-in order to maintain homeostasis of the extracellular fluid volume. 40, 43, [47] [48] [49] 52 Diurnal variations in excretion of sodium, chloride, potassium, and water have been observed in many studies. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Creatinine excretion has generally been reported to be fairly constant over 24 h, 2, 7, 11, 26, 28 and on average this was the case for the men in this study. Water and electrolyte excretion in healthy individuals generally reaches a maximum sometime around midday and a minimum toward the end of sleep. 5, 6, 13, 14, 16 Previous studies have suggested that the daytime excretion rate exceeds the night-time rate by 50 to 100%. 15 Reversal of this diurnal cycle in excretion of sodium, chloride, and water has been reported for several diseases including hypertension. 10, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] In a study of 12 hypertensive patients, Vagnucci and Wesson 17 found that maximal chloride excretion occurred during daytime in seven persons and during sleep in five. There was no reversal in the diurnal pattern of potassium excretion. In a study of eight young borderline hypertensives, Bultasova et al 27 found that the curve of urinary sodium excretion was flat over 24 h, whereas six agematched normotensives exhibited the usual pattern of higher daytime excretion. Urinary potassium excretion exhibited the usual diurnal pattern in both groups.
In a study of 107 hypertensive men and women from a clinical trial on control of hypertension by non-pharmacologic means (the Hypertension Control Program (HCP)), Dyer et al 26 reported harmonic means for ratios of 24-h to 8-h overnight excretion of 2.81, 3.83, 3.00, and 2.80 for sodium, potassium, creatinine, and water, respectively. 26 For this group of hypertensives, there was thus on average no diurnal variation in excretion of sodium and water, with more than half showing a higher rate of sodium and water excretion at night than during the day. When 24-h to overnight ratios for HCP hypertensives were compared to those for 30 men and women with DBP of 80-89 mm Hg, HCP hypertensives had significantly smaller harmonic means for sodium, potassium, and urinary volume, ie, 2.81 vs 3.33 for sodium, 3.83 vs 4.47 for potassium, and 2.80 vs 3.29 for urinary volume. The ratio of mean 24-h to mean overnight excretion of sodium observed in HCP hypertensives was also lower than similar ratios derived from published data for young adults, normotensives, and borderline hypertensives. [53] [54] [55] [56] [57] [58] Given the ages of HCP participants (41-80 years), it was not clear whether the observed reversal of diurnal patterns of sodium and water excretion was associated with hypertension per se, or reflected decline of renal functional capacity with age, since age appears to modify factors which determine renal sodium handling, including glomerular filtration rate and renal haemodynamics. 59 Furthermore, in one study, persons over age 40 had a lower ratio of mean 24-h to mean overnight excretion of sodium than persons under 40. 56 For 30 men and women under 40, ratios on two diets were 4.35 and 4.54, respectively, after correction for creatinine excretion, while for 13 persons over 40, ratios were 3.23 and 3.40. These latter values were similar to those reported for persons with DBP of 80-89 mm Hg 26 and to those derived from data on borderline hypertensives in Tuomilehto et al. 26, 34 The present study was undertaken as a follow-up to the study in HCP hypertensives, to examine further associations of BP with diurnal variation in excretion of sodium, potassium, and water, with control for potential confounding variables including age. In these analyses, SBP and DBP were positively and significantly correlated with 3-day averages of 8-h overnight to 24-h urinary excretion of sodium and potassium, but not with urinary volume or creatinine, with control for age, BMI, alcohol intake, and heart rate. Mean BP differences between highest and lowest quartiles of average ratios, with adjustment for these same variables, were 8.7 and 4.3 mm Hg for SBP and DBP for sodium, and 9.2 and 6.1 mm Hg for potassium. Average ratios for sodium, potassium, and urinary volume were also significantly correlated with age. For those under age 40, mean proportions of 24-h excretion in the 8-h overnight collection corresponded to harmonic means for ratios of 24-h to 8-h overnight excretion of 3.63 for sodium, 4.96 for potassium, and 3.38 for urinary volume, while for men aged 40 and over, mean proportions corresponded to lower harmonic means of 3.06, 4.32, and 2.97, respectively.
In a study of 301 male British civil servants ages 37 to 58, Staessen et al 28 reported that casual SBP and DBP, measured on average 7 days earlier, were positively and significantly related to overnight sodium excretion with adjustment for age and BMI, but not to daytime or 24-h excretion. Systolic and diastolic BP were also positively related to overnight potassium excretion, but inversely to daytime and 24-h excretion. None of these associations was statistically significant. These findings are consistent with those of the present study, since positive associations of BP with ratios of overnight to 24-h excretion are indicative of a stronger association of BP with overnight excretion than with daytime or 24-h excretion.
Positive associations of BP with overnight to 24-h ratios of sodium and potassium in these men indicate that with higher BP, a relatively greater proportion of 24-h urinary sodium and potassium excretion occurred at night. These results also indicate however, that with higher BP, a relatively smaller proportion of 24-h urinary sodium and potassium excretion occurred during the daytime, since the proportion excreted during the day is simply 100 minus the proportion excreted at night.
Temporal sequence of the cross-sectional findings reported here remains to be elucidated. In particular it is unclear whether relatively greater sodium and potassium excretion at night is a risk factor for higher BP (eg, via renal mechanisms), or whether higher BP results in relatively greater sodium and potassium excretion at night, or both. Data presented here provide some support for the expla-nation that higher BP results in greater sodium and potassium excretion at night. In particular, BP tended to be more highly correlated with the ratio of overnight to 24-h excretion for the first 24-h period than for the second or third 24-h period for both sodium and potassium. Such a result might be expected if higher BP results in greater excretion, because BP was measured closer to the time of the first 24-h period than the second or third 24-h periods. However, weaker associations with ratios for the second and third 24-h periods could also be due to participants being less conscientious in regard to timing and completeness of the second and third 24-h collections compared to the first. While ratios were corrected for creatinine excretion, this approach may not have fully addressed this potential problem. Staessen et al 28 found a significant positive association between casual BP and overnight sodium excretion even when BP was measured on average 7 days prior to urine collection.
Relatively greater sodium and potassium excretion at night with higher BP could also reflect impaired ability to excrete salt and water in response to an ingested sodium load. In particular, if pressure rises in response to sodium load, but daytime renal excretion of salt and water remains impaired, compensation may be achieved with nocturnal natriuresis. Studies of sodium loading have shown delayed natriuretic response to saline infusion in normotensive persons at greater risk of hypertension. 60 In these studies, investigators found that black subjects and older persons had delayed natriuretic response after saline load compared with white persons and younger persons. With sodium loading, the proportion of 24-h excretion during sleep was greater for blacks than whites and for persons ages 40 and over compared to those under age 40. Bultasova et al 27 showed in young borderline hypertensives that the circadian rhythm of sodium excretion was already disturbed. They hypothesised that the likely cause was an exaggerated rise in renal adrenergic activity during the day, induced by orthostasis and the concomitant physical and/or mental activity, inadequately compensated for by activation of natriuretic mechanisms.
The finding in the present study that differences in ratios of overnight to 24-h excretion of sodium and potassium between hypertensives on nondiuretic therapy and the other men were essentially explainable by the higher BPs of the hypertensives suggests that the relatively greater sodium and potassium excretion observed with higher BP in this study is not related to hypertension per se, ie, the increased excretion at night is reversible with effective anti-hypertensive therapy. This result is consistent with the suggestion of Cowley and Roman, 58 in a review of current knowledge on the role of the kidney in hypertension, that all effective anti-hypertensive drugs promote excretion of sodium and water and shift the relation between BP and sodium excretion toward lower pressures.
In conclusion, these results indicate that there is a significant positive association between BP and diurnal pattern of sodium and potassium excretion, ie, higher BP is associated with a greater proportion of 24-h sodium and potassium excreted at night. Further work is needed to clarify temporal sequence, ie, whether relatively greater sodium and potassium excretion at night is a risk factor for higher BP, or whether higher BP results in relatively greater sodium and potassium excretion at night, or both.
